Abstract: New macrocyclic molecules are described containing two or three p-tert-butylcalixC4Iarene subunits connected via their oxygen atoms. These macrocycles are available by two general methods which are capable of producing assemblies with bridges of varying rigidity and length.
Recent work by several groups has established that calix[rl]-arenes are useful molecular substructures on which to assemble collections of covalently bound functional groups capable of acting as ligating podands in ion or molecule receptors'. The majority of such chemically modified calix[4larenes exist in the cone conformation which confers on the receptor a considerable degree of preorganisation. p-tert-Butylcalix[Q]arene 1 is now so readily accessible2 that this member of the series is being increasingly used as a building block for larger, more elaborate molecular assemblies. Our interest in larger systems includes the synthesis of double and triple calixarenes possessing well defined molecular cavities and clefts capable of selective receptor activity.
One approach to such systems requires the regioselective modification or further functionalization of the phenolic groups in 1. We wished to build up macrocyclic assemblies in which two calix[l]arene subunits are connected via two bridges between their respective oxygen atoms at the l-and 3-positions. One way of achieving this goal was to use a difunctional reagent, e.g. a diacid dichloride, which is too rigid to make an intramolecular bridging of the calixlllarene possible. When terephthaloyl chloride (1 mmol in 50 ml of THF) was added at 4OoC over a period of 15 h to a solution of 1 (1 mm01 in 200 ml of benzene/acetonitrile = l/l) in the presence of RzCOa after purification by flash chromatography double calixarene 3a, mp. r3000C was isolated in 33% yield.
In contrast, use of isophthalic acid dichloride with 1 under various conditions gave no identificable products.
The distance between the calixarene moieties in 3a can be varied by varying the length of the bridging difunctional reagents. Thus, the biphenyl-containing double calixarene 3b, mp. +3OOQC, could be obtained in 32% yield from 1 (1 mm01 in 200 ml of THF) and KOtBu (2 mmol) after adding the appropriate diacid dichloride (1 mm01 in 50 ml of THF) over 18 h under refluxs.
Interestingly, reduction of the addition time to 9 h in the synthesis of 3b caused the yield to decrease to 15%, but led to the triply inter-bridged triscalixarene or "triple calixarene" 4, mp. 28OoC (decomp.), in 18% yield. To the best of our knowledge 4 is the first example of a molecule in which three calix[l]arene moieties are connected by three bridges.
An alternative strategy to obtain doubly bridged double calixarene+ consists of fixing activated functional groups at the land 3-positions of calixarene 1. Thus the known diester 2a, obtained from 1 and ethyl bromoacetate, could be hydrolysed to diacid 2b and transformed into diacid dichloride 2c by the action of thionyl chloride. 3c was prepared by adding 2c and ethylenediamine (each 2.3 mm01 in 100 ml of dry benzene) at room temperature simultaneously in a dropwise fashion to a stirred solution of triethylamine (7.2 mmol) in 100 ml of dry benzene. After 24 h the reaction mixture afforded after purification by chromatography and recrystallization from methanol/CHnClz 16% of 3c, mp. 320-322oC (decomp.). Other diamines may be used as bridging reagents in a similar way, These new double and triple calixarenes were characterised by microanalysis and FAB mass spectrometry. Their structures are supported by IH-and 13C-NMR data. Table 1 summarizes the 'H-NMR data of compounds 3 and 4. The differences in chemical shift found for the t-butyl and aromatic protons reflect the different types of bridging. 
